Objectives: The aim of the study was to evaluate effects of Finnish sauna bathing on lipid profile in healthy, young men. Material and Methods: Sixteen male subjects (20-23 years) were subjected to 10 sauna bathing sessions in a Finnish sauna every 1 or 2 days. The mean sauna temperature was 90±2°C, while humidity was 5-16%. Each session consisted of three 15-minute parts and a 2-minute cool-down between them. The following measurements were taken before and after the sauna sessions: body mass, heart rate, body skinfold thickness. The percentage fat content and then, the lean body mass were calculated. Total cholesterol, triacylglycerols, lipoprotein cholesterol LDL and HDL were measured in blood samples. Results: A statistically significant decrease of total cholesterol and LDL cholesterol was observed during 3 weeks of sauna treatment and in the week afterwards. A significant decline in triacylglycerols was found directly after the 1st and 24 h directly after the 10th sauna session. After the 10th sauna session the level of HDL cholesterol remained slightly increased, but this change was not statistically significant. A decrease in blood plasma volume was found directly after the 1st and the last sauna bathing session due to perspiration. An adaptive increase in blood plasma volume was also found after the series of 10 sauna sessions. Conclusions: Ten complete sauna bathing sessions in a Finnish sauna caused a reduction in total cholesterol and LDL cholesterol fraction levels during the sessions and a gradual return of these levels to the initial level during the 1st and the 2nd week after the experiment. A small, statistically insignificant increase in HDL-C level and a transient decline in triacylglycerols were observed after those sauna sessions. The positive effect of sauna on lipid profile is similar to the effect that can be obtained through a moderate-intensity physical exercise.
INTRODUCTION
Proper blood levels of total cholesterol, triacylglycerols, low-density lipoprotein cholesterol (LDL-C) and highdensity lipoprotein cholesterol (HDL-C) fractions are crucial in full readiness of an athlete to face challenges. Moreover, during physical exercise they ensure optimal utilization of energy sources present in the body (such as carbohydrates and fat) [1] . Although physical activity is one of the components of health prevention recommended in order to improve blood lipid indices, the research studies carried out in recent years have demonstrated that not all types of physical exercise have positive effect on the lipid profile. Sports disciplines that utilize the energy supplied chiefly from anaerobic sources are among those types of exercise which disturb proper lipid profiles in athletes [2] [3] [4] . On the other hand, physical inactivity and sedentary lifestyle have become a global problem being one of the main risk factors for developing obesity, cardiovascular diseases, stroke, type 2 diabetes and dyslipidemia [5, 6] . However, Physical Activity Questionnaire (IPAQ). The research group consisted of men being classified to the category "moderate physical activity" (category 2) according to the self-reported activity data from the short IPAQ form "last 7d recall" recommended by the authors [13] . The group was selected according to similar body build and content of fatty tissue. Anthropometric characterization of men is provided in Table 1 . Before the experiments, all the volunteers had undergone medical examinations, which evaluated their health status (no contraindications against to sauna bathing were diagnosed). The subjects were advised not to change their everyday diets, not to take dietary supplements during the experiments and not to use alcohol. The subjects were also asked to fill in a questionnaire in order to evaluate individual daily intake of food products and their type. The data collected in the questionnaire were used to compute an average level of nutrient intake in terms of energy value and the content of protein, fat and carbohydrates. The computations were carried out by means of a computer software Wikt 1 and "Tabele wartości odżywczej produktów spożywczych" (Tables of nutritive value of food products) [14, 15] . In accordance with the Helsinki Declaration of 1975, revised in 1983, before commencement of the study the participants were informed about the purpose of the study there are people that cannot exercise because of age, injury or dysfunction of motor organs. An increasing body of evidence indicates that in such cases, concerning contraindications for sauna, people might benefit from taking sauna baths as it provides stimulus for sympathetic nervous system and elicits, to certain degree, some physiologic responses that have been observed during exercise [7, 8] . The response to sauna-specific hyperthermia observed in human body has been extensively explored in many scientific publications. The studies have demonstrated on the one hand, a positive effect of sauna bathing on the cardiovascular and respiratory systems, motor organs and overall well-being of the sauna users and justifiable contraindications on the other [9] [10] [11] [12] . However, there were few reports on the effect of regularly repeated sauna sessions on lipid profile in healthy subjects. The aim of the present study was to evaluate short-term and long-term effects of sauna sessions on lipid profile in young, healthy and physically active men.
MATERIAL AND METHODS

Study group
The study focused on a group of 16 physically active, nonsmoker, male subjects aged 20 to 23 years. Physical activity of the subjects was estimated using the International where: Venous blood samples were taken at the baseline and next stages of the study were performed according to the research protocol presented in 
Research protocol
Each subject, every 1 or 2 days was subjected to 10 sauna bathing sessions in a traditional Finnish sauna. The mean temperature in a sauna chamber at the face level was 90±2°C, while air humidity ranged from 5% to 16%. Each sauna bathing session was divided into three 15-minute parts followed by a 2-minute cool-down in a stream of cold water (temp. 20°C). The subjects did not drink anything during the sauna sessions. The following anthropometric measurements were taken before and after the sauna sessions: body mass (BM, using Sartorius F1505-DZA with accuracy of 0.01 g), body height (BH, accuracy of 1 cm) and skinfold thickness (by means of Harpenden skinfold calliper) on the left side of the body.
Rectal temperature of the subjects during the 1st and the A -initial value; B1 -10 min after the 1st sauna bathing session; B2 -24 h after the 1st session; B3 -before the last session; B4 -10 min after the last session; B5 -24 h after the last session; B6 -a week after the last session; B7 -2 weeks after the last session.
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611 fatty tissue or fat free mass of the subjects after a series of sauna sessions. Analysis of the diets among the men studied with regard to the energy and nutrient intake did not reveal discrepancies in the values considered as recommended for men from this age group with respect to the physical activity level (PAL) of 1.70-1.99 ("Classification of physical activity levels" according to FAO/WHO/ UNU 2004) [14] . The mean nutrient intake, calculated per 1 kg body mass, among the men studied is presented in Table 3 .
The results that characterize lipid profile during and after sauna sessions are presented in Figures Figure 1 ). The value of TAG levels during 2 con secutive weeks after completion of the sauna sessions were lower than the initial value but the differences In blood samples the following blood lipid indices were measured: total cholesterol (TC), triacylglycerols (TAG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C) and total protein levels in order to evaluate changes in plasma volume (% ∆PV) evoked by dehydration after intensive perspiration typical of sauna bathing. Due to dehydration, blood levels of total cholesterol, HDL and LDL cholesterol fractions and TAG from B1 and B4 samples (directly after the 1st and the 10th session) were corrected using the % ∆PV index calculated by means of the following formula [17] : The corrected values were computed using the KraemerBrown formula [18] .
Statistical analysis
Statistical analysis of the results was carried out using the Statistica 10 software package. Consistency of distribution of the variables with normal distribution was tested by means of the Shapiro-Wilk test. Because the distribution was not normal, evaluation of the significance of differences used non-parametric tests. Data comparison was carried out using the Wilcoxon signed-rank test. The level of significance was set at p < 0.05 as statistically significant. All the results were presented in a form of mean ± standard deviation (M±SD).
RESULTS
Anthropometric characterization of the male group studied as presented in Table 1 , showed no significant changes in body build observed with respect to the body mass, BMI, Fat/kg of body mass (g) 1.72±0.06
Abbreviations as in Table 1 . A statistically significant increase in the rectal temperature and the heart rate was also recorded during the sauna sessions (Table 4) . The subjects had normal rectal temperature before being subjected to the 1st and 10th sauna sessions. In response to the sauna baths, after each exposure, rectal temperature increased significantly (p < 0.01). The increase in the core body temperature after the 10th sauna session was smaller than after the 1st session, although this difference failed to reach statistical significance. Moreover, the resting rectal temperature of the subjects before the last sauna session was significantly lower (p < 0.05) than before the 1st bath indicating an adaptive decreasing of the core body temperature due to the high temperature in the sauna.
O R I G I N A L P
Changes in blood plasma volume as a result of dehydration are presented in Table 5 . A decline in blood plasma volume was found in the subjects examined after the 1st and the last sauna bathing sessions as a result of dehydration caused by intensive perspiration. The change in the blood plasma volume during the last session was slightly higher (% ∆PV = -9.67±2.93) than during the 1st one (% ∆PV = -8.13±3.52). The difference, however, was not statistically significant. An adaptive increase in blood plasma volume was also found after the series of sauna sessions -% ∆PV = 6.8±4.07.
(B6: 4.26±0.45 mmol/l and B7: 4.37±0.56 mmol/l) compared to the initial level. However, these results were not statistically significant (Figure 2 ). Changes in LDL cholesterol fraction occurred in a similar pattern to the changes in the total cholesterol. The initial value (A) LDL-C was 2.71±0.47 mmol/l. Changes observed after 10 min and 24 h after the 1st sauna session were not statistically significant (B1: 2.67±0.45 mmol/l and B2: 2.57±0.52 mmol/l). Statistically significant decreases in LDL-C level were observed in blood samples taken before (B3: 2.52±0.43 mmol/l, p = 0.013) and after the 10th sauna session (B4: 2.44±0.42 mmol/l, p = 0.007), 24 h (B5: 2.43±0.35 mmol/l, p = 0.01) and a week after completion of the series of sauna sessions (B6: 2.47±0.40 mmol/l, p = 0.03). In the 2nd week after completion of the sauna sessions, LDL-C level remained lower than the initial value (B7: 2.57±0.43 mmol/l). However, this change was not statistically significant compared to the initial level ( Figure 3) . No statistically significant changes were found in HDL-C levels. However, an upward tendency could be observed in the level of this cholesterol fraction, with its level insignificantly higher both after the last sauna session and on consecutive days after completion of the series of sessions compared to the initial level A: 1.29±0.27 mmol/l (Figure 4 ). ∆ -calculation of the difference between the last and the first measurment of the variables. * Statistical significance of differences at p < 0.001 compared with the level before the 1st sauna sessions. ** statistical significance of differences at p < 0.001 compared with the level before the last sauna sessions. *** Statistical significance of differences at p < 0.05 compared with the level before the 1st sauna sessions. Other abbreviations as in Table 1 .
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The available scientific literature fails to report the effect of single and repeated sauna sessions on lipid profile in young men. The present study aimed to investigate the effect of the regular use of sauna on body mass and lipid profile in healthy, young, male subjects. No changes in the mean body mass were found in the subjects after 10 sauna bathing sessions that were taking place for 4 weeks. Mean BMI index also remained at the same level. This suggests that using sauna sessions did not contribute to changes in the content of adipose tissue in the men studied. In a study by Biro et al. [28] , who used far infrared-ray dry sauna with the temperature of 60°C, the researchers have demonstrated that 15-min sauna sessions (after which the patients remained covered with blankets for 30 min in order to maintain the core temperature elevated by 1°C) repeated for 2 weeks contribute to body mass reduction, decrease in blood pressure and glucose levels in the people with diagnosed diseases of affluence. However, postsession changes in lipid profile in the above study failed to be statistically significant [28] . The present study found a statistically significant decline in total cholesterol levels compared to the initial values measured directly after the 1st sauna session and then after the last sauna session and 24 h after completion of the sessions. After the 1st and the 2nd week from completion of the experiments, the total cholesterol levels remained at a lower level compared to the initial value. However, a tendency for returning of this value to the initial level was found. Changes in LDL cholesterol fractions were similar, but the statistically significant reduction in LDL-C concentration continued until the end of the 1st week after completion of the series of sessions. The study carried
DISCUSSION
Improper blood lipid profile, which is conducive to development of arteriosclerosis and other cardiovascular conditions, is characterized by the elevated levels of LDL cholesterol fraction, total cholesterol and triacylglycerols [19] . A reduced level of HDL-C fraction represents an independent risk factor, which is negatively correlated with cardiovascular diseases [20] . An essential problem to be solved is finding a method for reduction of LDL fraction and increasing HDL-C fraction which is responsible for the reverse cholesterol transport -a process of transport of free cholesterol from peripheral and adipose tissues mainly to the liver [21] . An important role of HDL-C as an anti-atherosclerotic agent is to prevent oxidative modification of LDL-C fraction, which is an initial element of formation of the atherosclerotic plaque as well as its effect on the endothelial tissue, which improves its function through stimulation of production of nitric oxide and inhibiting apoptosis of the endothelial cells [22, 23] .
The results obtained by numerous researchers have demonstrated that improper levels of blood lipids and lipoproteins are present especially in people with excessively high content of the adipose tissue, which is also attributed to unhealthy diet [24] . Age represents another risk factor [25] . Other reports have found no differences in the levels of lipids/lipoproteins between young athletes and young sedentary male subjects if their body fat and BMI were similar [26, 27] . In the group studied, the mean levels of total cholesterol, triacylglycerols, cholesterol of LDL and HDL fractions did not differ from the referential values. Abbreviations as in Table 1 .
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experiments, with a group of women, have revealed a statistically significant increase in HDL cholesterol fraction after 2 weeks of sauna sessions [29] , which might represent a promising prognosis for prevention of cardiovascular diseases through antiatherosclerotic effect of this cholesterol fraction.
It is well established that plasma volume is increased after heat acclimation and after endurance training in humans [34] . Saat at al. [35] have suggested that expansion of the plasma volume is a crucial hemodynamic change associated with cardiovascular adjustment to the heat. In the present study we found an increase of plasma volume after series of 10 sauna sessions by 6.8%. Our results support the previous findings, in which the plasma volume showed an increase by 7.1% after 12 sauna bathing sessions conducted over 3 weeks on the group of 6 male athletes [36] . These findings confirm that adaptive changes to heat stress include plasma volume expansion, which Patterson et al. [34] have attributed to the expansion of the extracellular compartment. Also the elevated heart rate observed during sauna bathing and consequently an increase in oxygen demand in cardiac muscle, as well as rising in the core body temperature are similar to the changes in these indices observed during a moderate to intensive walking [37] . A positive effect of sauna on lipid profile demonstrated in this study is similar to the effect that can be obtained through a moderate-intensity physical exercise [38, 39] . Therefore, sauna bathing seems to represent an alternative method in prevention of atherosclerosis for people with dysfunctional motor organs. Limitation of the study -in the present study we did not measure skin temperature of the subjects. The hot phase of the sauna session induces an increase in cutaneous circulation and evaporation of the sweat from the skin is the only effective way to prevent the core body temperature from rising. The skin temperature in the sauna rises rapidly and it is reasonable to measure it.
out by Pilch et al. [29] on a group of young and healthy female subjects subjected to sauna bathing sessions repeated for 7 times have demonstrated an increase in blood free fatty acids levels in the subjects who remained in a sauna chamber for 30 min continuously after the 1st session in the sauna. After 2 weeks of the experiment, the authors have found a reduction in total cholesterol and LDL cholesterol fraction levels, whereas HDL cholesterol fraction level was slightly elevated. This study did not measure these indices in the weeks following the experiment. Although the above results point unequivocally to the advantageous effect of hyperthermia caused by sauna on the total cholesterol level and LDL fraction, contributing to reduction in their levels, there are reports that hyperthermia caused by other factors does not exhibit this effect. A study by Vangelova et al. [30] , carried out among industrial workers subjected to a prolonged exposure to hot ambient temperatures of production halls, have demonstrated a significantly higher level of total cholesterol and LDL cholesterol fraction compared to the controls, who were not exposed to higher temperatures. Furthermore, a study that evaluated a group of 16 middle-aged people subjected to a series of 20-min bathing in thermal springs with temperature of 42°C twice a week for 3 months has found a statistically significant increase in blood total cholesterol with small and statistically insignificant changes in LDL and HDL fractions [31] .
The authors of the present study observed a statistically significant decline in triacylglycerols (TAG) levels in blood samples taken both after the 1st and the 10th sauna sessions. TAG levels returned to the initial values after 24 h and remained unchanged after 2 weeks after completion of the sauna sessions. The results obtained for evaluation of the effect of body overheating on TAG levels are inconsistent. Both, lack of the effect of sauna on TAG levels [32] , and elevated TAG levels after a single sauna session in the male subjects [33] have been reported. The present study found a small and statistically insignificant increase in HDL cholesterol fraction level. Similar
